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The self-broadening of carbon monoxlde has bern measueed for the 2 v and 3 » bands
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1. Iniroduction

The broadening of the rotationsl lines of carbon
monoxide by f gases hae been inveatigated for
s number of gases such ags CO,[1].' The obzerved
half-width, ~, is the sum of the self-hroadening of
CO and the foreign gas broadening. This may be
expressed as follows:

= ll11::-:14?:"'-::1:»JI"'."{" P [1}

where o iz the hal-width per atm for CO self-
brondening and % is the half-width per atm of the
foreign ges broadening; P and Fr sre the partisl
presaures in ntmospheres of CO and of the foreign
pag, respectively. ]
If a long path cell of 4 m or ter i= used, the
artial presaure of CO which produces optimum line
Elackanmg iz a few mm (Hg) or less and the term,
%P, of oq {1) approaches zero. Whenever a lon
path call is a,vailagfla, more accurate rezults for +
cen be obtained. If a cell with an optical path of
10 crm is used, the pressure of the CO may bave to be
of the sarne order of mognitude e the pressure of the
broadening gaa to obtain sultahle measurements.
In such cases the welf-broadening of the carbon
mondxide must be known before 4 for the foreign
gae can be determined.  Tf the foreizn Cg;ﬂa broadening
12 amaller than the self-broadening of C0), apprecisble
errors may be introdueced by using inaccurate values
for the self-broadening. _
The self-broadening of C0) has bean measured in
three different laberatories and the volues differ
somewhat. This work waa undertaken to determine
a precige set of values for the self-broadening of CO.

2. Experimental Procedures

In order to secura the best possible results, & high-
resolution grating spectrometsr waa used double-
passed in this work. A 10,000 1/in. commercial
replica grating was used in the first order for the 20
band snd in the second order for the 30 (0 band.
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An optimvin balance batwesn elit-width, response
time and noize level was obinined with u spectral slit
of 008 cm™. A response of 05 percent of the total
deflection. was chtrined in 1 see in the 2-0 and 3-0
bands. The prating wae driven at 13 sec of angle
per minute of tima which was about (.08 ¢m—!/min
in the 2-0 band. Further information regarding the
speciroinater and 1is operation can be obtained from a
pmﬁﬂuilpublimtion 2].

Several preluninary teste warc mnde befora the
broadening was measured. Theseincluded slit width
measuramenty, stray energy tests, transmission tests,
and recorder linearity eh .

Many different path and pressure combinations
wore employed to insura the relishility of our results.
These are listed in table 1. The higher pressures
involved were measured with a Bourdon tube type

age with a steted agcuracy to within X pereent ot
108 Ihfin.

The ¢orrection of the observed half-widthe for the
finite slit width of the apectrotneter waa tade using
the correction fectors proposed by Izatt [3].
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3. HResults

The half-width of a speetral ling may be defined as
helf its physical width, measured at the frequency
corresponding to hall ita maximum extinetion, ex-

essed in rccifpmca.l centimeters per atmosphere,

he methed of mengurement used in owr work is
essentially the same as that applied previously in
thiz laboratory (see ref. 1). It is & very sitmpls




method consisting of measuring ihe line widths at
40, 50, and 60 percent of the extinction coefticient at
maximum abeorption. The three values obtained
are reduced to the half-width for 50 percent ol the
muximum coefficient by dividing by a constant
which 18 dependent on the coefficient of axtinction
and line shape. These laclors are 1.22 for 40 per-
cent, 1.0 for 50 percent and 0.817 for 60 percent,
assuming Lorentzian line shape.  Since it 32 & direct
method, and the slit corrections are relatively amall
(=20 porcant in all cases and <77 percent in most),
our results should certainly be considered relisble
to within 2 5 percent.

An oxample of the dats obtained, showing the
eifect of pressure change on self-hroadened CO lines,
13 piven in figore 1. e half-widths measured from
these data nre presented in the form of n table and
& graph. Tahle 2 lists the average values obhtained
for hoth the (2-0) and the {% £ banda sepa-
rately, while fipure 2 represents the weighied sverage
of all values. The self-broadening, 4°, of correspond-
ing lines (same |m]) of the P and the B hranches
agreed within experimentsl error and are averaged
in the final results.

The saili-broadening of carbon monoxide has pre-
viously been measured in three lahoratories. Table
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3 gives a briel surmmation of the conditions of
measurement. The results obtained by cack group
are plotted in fizurs 3, along with the messurements
reporied in this paper.
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Fiouee 1. The upper curbe shows the selfbrogcdening OO lines By and R, of the 2 o band

witder 1 aime pressure.

Thet lower curvo showsa Lha ssme bnes with 21 stm presqura.  The pboorprm path length In both cvoms was #.0 cm.
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TaBLE 3.  The conditions of meqsureriend of Lhe self-hroadmmang af CO
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4. Discussion

The resnlie obtained 1 thiz stody lall between
those of Benediet et al. [4] and those of Katon and
Thompson [5]. The greatest variation of therr
values from our results ceccurs at |wm|=7 where the
disagresment is about 8 percent. The average of
the two seta of values from |m|=1 to |m|=16 fall very
close to our resultse. The half-widths reported by
Kestkowski and Bass sre somewhat larger than
those reported by other workers. Since their wark
was extended to {-igher ressures, the inherent over-
lapping in the wings of lines may have influenced
their results.

It should be noted thut althouph data were ob-
toined for lines of J7»21, these are not considered
ng relinble as the low J values, due to their jow
intensity, and have not been included. Ko quanti-
tative conelusion can be drawn from the present
work &8 to decrease in heli-widihs with bigher f
walues; however, the variation of +° with {m| muat be
related to the directional properties of the inter-
molecular forces. Tn the case of self-broadening in
CO, it is believed that both the quadrupecle.quad-
rupole and anisotropic dispersion forces are ol pri-
mary lmportance, e rapid decrease in +° with
|/, and the magnitude of +° have been approximately
accounted for by & recent calculation based on these
forces [7].

Ouantitative measuremants of the intensities of
the lines of 3 » {4260 cm™) and 3 » (B350 ctn™)
bantds of CO wers not made. However, it was
observed thut the intensities of the P and B branches
of the 2 v compared with those of the 3 » were ap-
proximately equal when & pressure of 3 atm and 400
e path length were for the mensurement of
3 v and 1.5 atm pressure and 4 cm path length were
uzed for 2 . This indicates that the intensity of
23 ycompared (03 »isroughly 200 to 1.
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